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Gaza StripAbstract Background: Otitis media is the most common reason for children to visit a medical
practitioner and it is an important cause of preventable hearing loss. It is a common reason for anti-
biotic prescription in young children. There are no reports or published data on the susceptibility
proﬁles of bacteria isolated from ear infections in the Gaza Strip.
Objective: To determine the bacterial etiology of otitis media and their antimicrobial susceptibil-
ity proﬁles among children in Gaza Strip.
Patients and methods: A cross-sectional prospective study was performed in ENT clinics in Gaza
Strip from October 2012 to June 2013. A total of 120 ear samples collected from children up to
15 years were cultured according to the standard microbiological procedures. Isolates were identi-
ﬁed by conventional methods and the antibiotic susceptibility proﬁles were determined by the stan-
dard disk diffusion method.
Results: Bacterial isolates included Pseudomonas aeruginosa (32.5%), Staphylococcus aureus
(23.3%), Proteus spp. (20%) and Streptococcus spp. (9.2%). The Gram positive bacteria antibio-
gram revealed high sensitivity to ceftriaxone (90%) and cefaclore (90–100%). While Gram neg-
ative bacteria antibiogram reveals they were sensitive to ciproﬂoxacin (100%), gentamycin (90–
100%), and ceftriaxone (100%) except for P. aeruginosa that showed resistance to many antimicro-
bial agents by means of multiple drug resistance (MDR).
Conclusion: Low levels of resistance were found among most clinical isolates in general to the
commonly used antibiotics, however, an increased frequency of MRSA was detected. Public aware-
ness should be promoted to reduce risk factors associated with otitis media and empirical treatment
protocols should be reviewed.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Ear, Nose, Throat and
Allied Sciences.
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Inﬂammation of the ear is one of the most common illnesses in
children.1 Otitis media is an inﬂammatory disease of the muco-
sal lining of the middle ear,2 which includes a variety of med-
ical conditions with different signs and symptoms.3 Otitis
media is most commonly caused by the buildup of ﬂuid behind
the ear drum, as a result of a blockage to the Eustachian tube.
Otitis media is more common in children, as their Eustachian
tube is shorter and more horizontal than adults and is made up
of more ﬂaccid cartilage, which can impair its opening.4
Sources of infection in otitis media are solemnly dependent
on the route by which infection reaches the middle ear and
the chief route by which this occurs is the Eustachian tube.5,6
The causes of infection in such cases are nasopharyngeal
disease and in children this usually means adenoids. The caus-
ative infection may be in the nose or sinuses or in the orophar-
ynx and tonsils.7,8 Bacterial infections of the middle ear
normally originate from the upper respiratory tract, with the
bacteria entering the ear through the auditory (Eustachian)
tube, the principal portal of entry to the ear.2 The most com-
mon bacteria involved in such infections areHaemophilus inﬂu-
enzae, Streptococcus pneumoniae, Streptococcus pyogenes,
Staphylococcus aureus, Moraxella catarrhalis, and9 Pseudomo-
nas aeruginosa from contaminated water.10
Today the majority of otogenic complications like intracra-
nial abscess, facial nerve palsy, and meningitis are result of
atticoantral type of Otitis Media, bacteriology characteristics
of which shift toward Gram negative pattern with P. aerugin-
osa being the most common, along with other organisms like
Bacillus, Proteus and Escherichia coli as shown by a host of
studies conducted over the years.11
It is a well-known fact that microbial drug resistance is a
growing global problem. In Gram-negative bacteria, the most
resistant pathogens are E. coli, Klebsiella spp. and P. aerugino-
sa, with increasing trends observed for all major anti-Gram
negative agents (beta-lactams, ﬂuorquinolones and aminogly-
cosides).12 Serious infections caused by Gram-positive bacteria
are increasingly difﬁcult to treat because of pathogens such as
methicillin-resistant S. aureus (MRSA), and penicillin-resistant
S. pneumoniae.13 The detection of multidrug resistant isolates
may further limit therapeutic options.
Therefore, the objective of this study is to determine bacte-
rial etiologic agents of otitis media infections and their antibi-
otic resistance patterns among child patients who visited ENT
clinics. This study would be the ﬁrst study in this area that pro-
vides original data concerning the bacterial resistance proﬁle
which is expected to assist physicians in empirical therapy
and setting therapeutic protocols.
2. Patients and methods
2.1. Study population
A cross-sectional prospective study was conducted during the
period of October 2012 to June 2013. A total of 120 patients
with ear infection were seen at the ENT clinics and that were
clinically diagnosed to have chronic otitis media. An informed
consent was obtained for each patient to collect an ear dis-
charge by the attending physician and ﬁlled a short question-
naire. The patient’s age ranged from 1 day to 15 years.2.2. Sample collection, handling and transport
Ear swab/discharge specimens were aseptically collected. Pa-
tient’s ear was washed by normal saline (0.85% NaCl). Ear dis-
charge was obtained from each patient by the attending
physician and kept in Stuart’s Transport Media (Oxoid, Eng-
land, UK) to maintain the viability of microorganisms until
the specimen is processed. The specimens were transported
within 1 h in an ice box to the Microbiology Laboratory of
Faculty of Health sciences, Islamic University of Gaza.
2.3. Culture and identiﬁcation
All ear specimens were directly inoculated onto Blood, Choc-
olate and MacConkey agar (HiMedia, India). The Blood and
MacConkey agar plates were incubated aerobically while choc-
olate agar was incubated under 5% CO2 atmosphere at 37 C
for 24–48 h. All positive cultures were identiﬁed by their char-
acteristic appearance on their respective media, Gram-staining
reaction and conﬁrmed by the pattern of biochemical reactions
using the standard method.14 Members of the family entero-
bacteriaceae were identiﬁed by indole production, H2S produc-
tion, citrate utilization, motility test, urease test, oxidase,
carbohydrate utilization tests and other tests using API 20E
identiﬁcation kits (Biomerieux, France). For Gram-positive
bacteria coagulase, DNase, catalase, bacitracin and optochin
susceptibility tests, and other tests were used (Oxoid, Ltd).
2.4. Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed for all iso-
lates according to the criteria of the (CLSI) clinical and labo-
ratory standards institute.15 Bacterial suspension was prepared
and was adjusted to a McFarland solution 0.5 and inoculated
onto Muller Hinton agar (HiMedia, India). The appropriate
set of antibiotics was applied to the corresponding isolate (Ox-
oid, Ltd). P. aeruginosa (ATCC-27853), S. aureus (ATCC-
25923), and E. coli (ATCC-25922) were used as a quality con-
trol throughout the study for culture and antimicrobial suscep-
tibility testing and IdBactª v1.1 Identiﬁcation software was
used to assist in isolate identiﬁcation.
2.5. Statistical analysis
Data entry and analysis were done using SPSS version 18 soft-
ware. Cross tabulation and Chi-square test were performed. A
p-value of <0.05 was considered indicative of a statistically
signiﬁcant difference.
3. Results
3.1. Study population
A total of 120 patients were included in the study from ENT
clinics in Gaza Strip, from October 2012 and June 2013. 74
(61.7%) were males and 46 (38.3%) were females (p> 0.05)
resulting in an overall male to female ratio of 1.6:1. The
average age of the patients was 4.9 years (age range
1–15 years), 92 (76.6%) of the patients were younger than
7 years. Seventy-three (60.8%) of the patients had previous
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was their ﬁrst complaint of ear infection. It was also found that
72 (60.0%) of the positive specimen had been treated with one
or more antimicrobial agents, the most commonly prescribed
antibiotics of which was Ceftriaxone, followed by amoxicil-
lin-clavulanic acid and gentamicin.
3.2. Clinical picture
Ear discharge was the commonest clinical ﬁnding observed in
120 patients investigated for ear infections with Otitis media
(100%), followed by otalgia (ear pain) (95%), hearing problem
(60%), itching of external ear (47.5%) and fever (36.7%) as
shown in Table 1.
Among the examined patients, ear infection was unilateral
(right = 55 or left ear = 55) in 110 (91.7%) and bilateral in
10 (8.3%) patients. The appearance of ear discharge was, puru-
lent in 70.8%, bloody in 4.2% and mixed in 25% of cases.
3.3. Bacterial etiology of ear infection
A total of 120 bacterial pathogens were isolated from otitis
media patients. 58.3% of them were Gram negative bacteria
while 39.2% were Gram positive bacteria. P. aeruginosa was
the highest in incidence (32.5%), S. aureus accounted for
23.3% of the total isolates followed by Proteus spp. (Proteus
mirabilis and Proteus vulgaris) (20.0%), Streptococcus spp.Table 1 Clinical features observed in the study population
(N= 120).
Clinical/signs and symptoms Yes No
Ear discharge 120 (100%) 0 (0.0%)
Ear pain 114 (95%) 6 (5.0%)
Hearing problems 72 (60%) 48 (40%)
Itching 57 (47.5%) 63 (52.5%)
Fever 44 (36.7%) 76 (63.3%)
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Figure 1 The frequency and percentage of(9.2%), Bacillus spp. (6.7%), Moraxella spp. (4.2%), Candida
spp. (2.5%), and Klebsiella spp. (1.7%) (Fig. 1).
4. Antimicrobial susceptibility
4.1. Gram positive bacteria
The susceptibility pattern of Gram-positive bacteria (n= 39)
isolated from otitis patients was determined (Table 2). S. aur-
eus isolates showed that 89% were sensitive to ceftriaxone,
75% sensitive to methicillin, and 67.8% sensitive to cefaclore.
Among the Streptococcus spp., all isolates were sensitive to
Chloramphenicol, and about 90.9% were sensitive to amoxicil-
lin-clavulinic acid, cefaclore, ceftriaxone, penicillin, and eryth-
romycin. For Bacillus spp., all isolates were sensitive to
clarithromycin, cefadroxil, streptomycin, gentamicin, rifampi-
cin, and ampicillin, and 87.5% of the bacillus spp. were sensi-
tive to Erythromycin.
4.2. Gram negative bacteria
The susceptibility patterns of Gram-negative bacteria (n= 70)
isolated from patients were tested against 10 antimicrobial
agents (Table 3). With regard to P. aeruginosa 94.8% of the
isolates were sensitive to ciproﬂoxacin, 85.5% were sensitive
to ceftiazidim, and 57% were sensitive to cefexime. Also it
showed high frequency of resistance to clarithromycin
(100%), cefadroxil (97.4%), streptomycin (89%) and ampicil-
lin (86.6%). With regard to P. mirabilis isolates, 100% were
sensitive to ciproﬂoxacin, ceftriaxone, and Ceftiazidim,
87.5% sensitive to streptomycin, and 79.2% to cefexime. Other
Gram-negative bacteria such as M. catarrhalis and Klebsiella
spp. were sensitive (100%) to ciproﬂoxacin, cefexime, ceftriax-
one, ceftiazidim and gentamicin.
5. Discussion
The present study is the ﬁrst that attempts to isolate and
characterize the possible etiological bacterial pathogens amongStr
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the bacterial isolates among specimens.
Table 2 Susceptibility patterns of Gram-positive bacteria isolated from otitis patients.
Antimicrobial agent S. aureus (n= 28) Streptococcus spp. (n= 11) Antimicrobial agent Bacillus spp. (n= 8)
S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%)
AMC 57.1 17.9 25 90.9 9.1 – AMC 87.5 – 12.5
CLR 39.3 14.3 46.4 72.7 27.3 – CLR 100 – –
CDX 50 3.5 46.4 81.8 18.2 – CDX 100 – –
CX 64.3 7.1 28.6 81.8 9.1 9.1 S 100 – –
CJ 67.8 14.3 17.9 90.9 9.1 – GM 100 – –
CRO 89.3 10.7 – 90.9 9.1 – R 100 – –
C 64.3 10.7 25 100 – – AMP 100 – –
P 35.7 – 64.3 90.9 – 9.1 P 12.5 – 87.5
E 39.3 25 35.7 90.9 – 9.1 E 87.5 12.5 –
MET 75 – 25 – – –
*S = sensitive, *I = intermediate, *R = resistant.
AMP, ampicillin; AMC, amoxicillin-clavulanic acid; CRO, ceftriaxone; C, chloramphenicol; E, erythromycin; GM, gentamicin; R, rifampicin;
MET, methicillin; P, penicillin; S, streptomycin; CDX, cefadroxil; CLR, clarithromycin; CJ, cefaclore; CX, cloxacin.
Table 3 Susceptibility patterns of Gram-negative bacteria isolated from ear infections.
Antimicrobial agent P. aeruginosa (n= 39) Proteus spp. (n= 24) M. catarrhalis (n= 5) Klebsiella spp. (n= 2)
S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%)
AMC 21 – 79 50 45.8 80 80 – 20 100 – –
AMP 13.2 – 68.8 16.7 66.6 60 60 40 – – – 100
CIP 49.8 – 5.2 100 – 100 100 – – 100 – –
CFM 57 17.8 25.2 79.2 20.8 100 100 – – 100 – –
CLR – – 100 – 83.3 – – – 100 50 50 –
CDX 2.6 – 97.4 – 79.2 20 20 – 80 50 50 –
CRO 52.4 28.5 19.1 100 – 100 100 – – 100 – –
CAZ 85.5 4.2 11.3 100 – 100 100 – – 100 – –
C 22.7 – 77.3 54.2 16.7 60 60 20 20 50 – 50
S 11 – 89 87.5 8.3 40 40 40 20 50 50 –
GM 48.7 7.7 43.6 87.5 12.5 100 100 – – 100 – –
*S = sensitive, *I = intermediate, *R = resistant.
AMC, amoxicillin-clavulanic acid; AMP, ampicillin; CIP, ciproﬂoxacin; CLR, clarithromycin; CDX, cefadroxil; CRO, ceftriaxone; CAZ,
ceftiazidim; C, chloramphenicol; GM, gentamicin; S, streptomycin.
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their antimicrobial resistance proﬁle against the most com-
monly used antibiotics in ENT clinics.
The most common important symptoms of ear infections
are ear discharge (otorrhea), ear pain (otalgia), hearing loss,
vertigo and tinnitus.16 This in fact was conﬁrmed by the ﬁnd-
ings of this study as about 95% of patients suffered from ear
pain while only 60% suffered from hearing problems. The clin-
ical ﬁndings of patients with Otitis media prevalence and peak-
age prevalence (mostly in children younger than 15 years of
age) in our study are similar to ﬁndings of previous studies
done in Ethiopia17,18 and other developing countries.19–23
The observation in this study was that Gram-negative bac-
teria were the predominant isolates (58.3%) when compared to
Gram-positive bacteria (39.2%) from 120 patients with dis-
charging ear (Fig. 1). This is in agreement with previous stud-
ies done in Ethiopia,17,18 Nigeria,23,24 South Korea,25
Greece,26 Pakistan,27 Turkey28 and Eastern Nepal.11
The results of this present work showed that P. aeruginosa
was the most commonly isolated pathogen (32.5%) followed
by S. aureus, Proteus spp., and Streptococcus spp. respectively.
Similar ﬁndings have been observed in Ireland,29 Pakistan30
and Greece26 which reported that P. aeruginosa and S. aureusare the most common organisms isolated from the cases of oti-
tis media.
The overall percentage of positive cultures from patients
who received antibiotics was 60% and from those that did
not receive any antibiotics was 40%. It was statistically signif-
icant which is in agreement with a study from Ethiopia.17,18
This study also provides insights into the susceptibility pro-
ﬁle of bacteria isolated from ear infections. Our results have
demonstrated that amoxicillin-clavulinic acid, ceftriaxone, cip-
roﬂoxacin, chloramphenicol, cefaclore, cloxacin and gentami-
cin in general are effective against both Gram positive and
negative bacteria isolated from ear infections.
Gram-positive bacteria showed that there was high fre-
quency of sensitivity to ceftriaxone, cefaclore, chloramphenicol
and methicillin. While ciproﬂoxacin, Ceftiazidim, Gentamicin,
ceﬁxeme and ceftriaxone were perfect antimicrobial agents
against Gram negative bacteria.
This susceptibility proﬁle of isolated bacteria provides an
evidence for bacterial resistance to many antimicrobial agents
by means of multiple drug resistance (MDR), this can be no-
ticed clearly from the susceptibility pattern of P. aeruginosa
and S. aureus and increased frequency of Methicillin resistance
S. aureus (MRSA) (5.8%) and this detection of multidrug
The bacterial etiology of otitis media and their antibiogram 91resistant isolates may further limit therapeutic options. How-
ever, there are reports from different parts of the world with
high resistance to these antimicrobial agents except for
gentamicin.2,21,23,24,28,31
This difference in the susceptibility proﬁle might be due to
frequency of usage of these agents for the treatment of ear
infections in different geographic locations.
In the present study, ceftriaxone and ciproﬂoxacin were the
most effective drugs when compared to other drugs tested
against the Gram-positive and Gram-negative bacteria. This
is comparable with other studies done elsewhere.11,21,30–32
The in vitro efﬁcacy of gentamicin, ceftriaxone and ciproﬂox-
acin against tested organisms in our study is the reﬂection of
infrequent prescription of these drugs by ENT specialist in
Gaza Strip (Personal communication) mainly due to the high
cost of ceftriaxone and ciproﬂoxacin, in addition to ease of
administration.
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